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Abstract
Objective: To assess the influence of different standards and restrained eating on
underreporting in healthy, non-obese, weight-stable young subjects.
Design and subjects: Eighty-three young adults (20–38 years, 55 women, 28 men)
were assessed under weight-stable conditions with a 7-day dietary record and the
three-factor eating questionnaire by Stunkard and Messick. Resting energy
expenditure (REE; indirect calorimetry) plus data derived from physical activity
records (PA) (Standard 1) or REE times an activity factor (AF) (Standard 2) was used as
standard for total energy expenditure (TEE). For comparison, doubly labelled water
(DLW) was used to measure TEE in a subgroup of subjects.
Results: There was an association between self-reported energy intake and Standard 2
ðr ¼ 0:72Þ but not with Standard 1. When compared with DLW both calculated
standards were inaccurate, but Standard 2 avoided high levels of overreporting. Using
Standard 2 to identify ‘severe’ underreporting (SU; as defined by a deviation of energy
intake (EI) and TEE of .20%), SU was seen in 37% of all subjects. It was more
frequently found in women than in men (49% of women, 14.3% of men, P , 0:05).
Underreporting subjects had a reduced EI ðP , 0:01Þ but there were no significant
differences in nutritional status (body weight and height, body mass index, fat mass
and fat-free mass), energy expenditure and the proportion of energy from
macronutrients between normal and underreporting subjects. However, high
restraint was associated with a higher degree of underreporting in the total group,
whereas disinhibition had an influence only in men.
Conclusions: A high prevalence of SU is seen in non-obese subjects. Characteristics of
eating behaviour (restraint and disinhibition) were associated with underreporting
but seemed to have a different influence in men and women.
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Measurement of dietary intake is difficult and different
assessment methods may lead to different results in
individual subjects1. Underreporting introduces a con-
siderable and unacceptable error in the estimate of energy
intake. It is therefore important to find predictors of
underreporting. Dietary underreporting has been
described in obese subjects2–7 but it is also seen in non-
obese subjects8–11. Underreporting was defined by the
use of a reference standard (i.e. measurement of total
energy expenditure in weight-stable subjects using doubly
labelled water12–16).
Only a few studies have investigated the effect of
psychological aspects of eating behaviour on the
assessment of energy intake and dietary underreport-
ing12,17–20. All of these studies used the three-factor eating
questionnaire by Stunkard and Messick for the assessment
of eating behaviour with the exception of Price et al., who
described their population in terms of extroversion and
neuroticism scores20. Poppitt et al.12 assessed self-reported
energy intake (covertly measured throughout the study,
plus records of all food and drink intakes in the previous
24 hours) in 33 women, and found significant under-
reporting in obese and non-obese subjects. No specific
cut-off was used for the definition of underreporting. The
results of that study have shown that higher cognitive
restraint may also be predictive of a higher degree of
underreporting. De Castro et al.17, who studied the self-
reported energy intake in 201 men and 157 women with
7-day dietary records, showed that in both men and
women higher cognitive restraint was associated with
lower and less variable overall intake, especially of fat
and carbohydrate. In this study no standard of energy
intake was measured. Bingham et al.18, using doubly
labelled water as a measure of total energy expenditure,
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also found higher degrees of underreporting in subjects
with higher cognitive restraint. Again no specific cut-off
was used for the definition of underreporting. Black et al.,
who validated energy and protein intakes by doubly
labelled water and 24-hour nitrogen excretion in post-
obese subjects, found that underreporting subjects are
restrained eaters19.
Taken together, all of these studies show that under-
reporting occurs in obese as well as non-obese subjects.
Preliminary evidence supports that a high cognitive
restraint is associated with underreporting. Since under-
reporting was not consistently defined and also standards
used to define underreporting differ between the studies,
the quantitative influence of psychological aspects of
eating behaviour on the phenomenon of underreporting is
not fully explained. This study assesses different aspects of
eating behaviour as assessed with the three-factor eating
questionnaire and their influence on dietary under-
reporting. For comparison of energy intake energy
expenditure was measured and only severe underreport-
ing (i.e. of more than 20%) was considered.
Methods
Subjects
The study was performed with 83 subjects (55 women, 28
men) at the Institute of Human Nutrition and Food Science
at the University of Kiel, Germany. The study protocol was
approved by the local ethics committee. Each subject gave
his/her informed written consent at the beginning of the
study. The participants were recruited from a student
population. Table 1 gives the characteristics of the study
population.
Energy intake
Self-reported energy intake (EI) was assessed using a
7-day dietary record (7dDR) with estimated weights of
food because of its advantages compared with weighed
records (less demanding for subjects, rapid and low-cost
assessment of diets, high co-operation rates)21. For pre-
packed food items the weight on the wrapping according
to the producer was recorded; all other items were
recorded in household measures together with the attri-
butes ‘large’, ‘medium’ and ‘small’. Self-cooked meals were
recorded by noting the recipe and, for milk and milk
products, the percentage fat content was also recorded.
The subjects were instructed by a nutritionist. The dietary
records were analysed using PRODI 4.4w (Erna¨hrungs- und
Dia¨tberatungsprogramm, Wissenschaftliche Verlagsgesell-
schaft mbH, Stuttgart) by a trained dietitian.
Nutritional status
In order to assess the nutritional status, body weight and
height were measured (balance beam scale) in light
clothing without shoes. All participants were weighed at
the beginning of the study and at the end of the protocol
week. All subjects were weight-stable (^0.5 kg) during
this week (mean body weight before, 69:9 ^ 12:5 kg;
mean body weight after, 70:3 ^ 12:5 kg). Body compo-
sition was measured by bioelectrical impedance analysis
as described previously22, using the Body Composition
Analyzer TVI-10e (Danninger Medical, Detroit, MI). The
computer software developed by Danninger Medical
Detroit was used for data analysis (see Table 1 for data on
body composition).
Energy expenditure
Measurements of resting energy expenditure (REE) started
8–12 hours after the subject’s last meal. REE was assessed
by indirect calorimetry (ventilated hood technique,
Metabolic Monitor Deltatrace, Datex Division Instrumen-
tarium Corp., Helsinki) as described previously22. Three
different methods of assessing total energy expenditure
(TEE) were compared. First, all subjects wrote an activity
protocol for 7 days. Energy expenditure was calculated
according to the table ‘Energy cost of activity classified in
alphabetical order’ (World Health Organization23). TEE
was computed by multiplying the time spent in each
activity over the day by its energy cost (Standard 1). In
order to include REEmeasured, REEcalculated*, was subtracted
from TEE and then REEmeasured was added. Second, TEE
was calculated from REE £ 1.55 as proposed by the
FAO/WHO/UNU24 (Standard 2). Third, in seven subjects
TEE was assessed with the doubly labelled water (DLW)
technique (Standard 3). The procedure followed the
recommendations of the Consensus Report by the IDECG
Working Group25. A baseline urine sample was acquired
from each subject in fasting state and body weight was
assessed in underwear on a balance beam scale. The
dosage of the doubly labelled water was 0.15 g 18O and
0.05 g 2H per kg. The first urine sample was obtained after
6 hours, and, on the following 12 days, one urine sample
was collected daily at around the same time. During these
12 days the subjects wrote a dietary record with estimated
weights of food. The analysis was carried out in the Nestle´
Research Laboratories, Lausanne. Urine samples were
analysed for 2H (D) and 18O (O) as described previously26.
Energy expenditure was calculated from D/O ratios
according to Elia27 after correcting the water and carbon
dioxide outflow rates for water fractionation25.
*REEcalculated was calculated according to the prediction
formula of Harris and Benedict for the calculation of
energy expenditure:
Men : 66:5þ 13:8 £ body weight ðkgÞ þ 5
£ body height ðcmÞ £ age ðyearsÞ
Women : 655þ 9:6 £ body weight ðkgÞ þ 1:9
£ body height ðcmÞ2 4:7 £ age ðyearsÞ
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Restraint questionnaires
The three-factor eating questionnaire (German version
according to Pudel and Westenho¨fer28, original version
according to Stunkard and Messick29) was used to test the
psychological aspects of eating behaviour. The restraint
scale could reach a score from 0 (no restraint) to 21
(extreme restraint); the disinhibition scale had a score
from 0 (no disinhibition) to 16 (extreme disinhibition). The
restraint sub-scale measures the tendency of an individual
to restrict food intake in order to lose weight or to prevent
weight gain. The disinhibition sub-scale assesses the
tendency to overeat as a consequence of several
environmental or emotional cues. A third scale with 14
items measures the degree of feelings of hunger. This scale
was not included in this study.
Statistical analysis
Data analysis was performed using the StatVieww
package. Results are given for the mean and standard
deviation (SD), and Pearson correlation coefficients were
calculated between variables. In addition, stepwise
multiple regression analysis was carried out to test
whether the effects were influenced by other variables.
Results
Energy and macronutrient intakes, energy expenditure
and the deviation between energy intake and expenditure
are shown in Table 2. Data are given for the whole study
population and for ‘normal reporters’ and ‘underreporters’
separately. Sex differences were observed for energy
intake, energy expenditure (REE, TEE) and the deviation
between both factors, but not for macronutrient intakes
when expressed as percentage of energy intake (Table 2).
In a subgroup of subjects, TEE as derived from doubly
labelled water served as the reference method. Comparing
the individual values and the means (see Table 3), it is
evident that there is a great variation in the data and
assessments of TEE from measurements of REE. The data
obtained by the physical activity (PA) protocol over-
estimated the degree and prevalence of underreporting
(see Table 2). Reclassification of physical activity into three
different levels of activity (activity factor (AF): sedentary,
moderate and high) did not reduce the discrepancies.
Using a fixed physical activity level together with the
measurement of REE, the degree of underreporting was
underestimated but the problem of overreporting physical
activity was avoided (Table 2). Using DLW, three of seven
subjects showed significant underreporting (i.e.
EI 2 TEE . 20%), whereas overreporting was seen in
one subject. By contrast, use of REE £ PA results in severe
underreporting in six of seven subjects, whereas only one
underreporting subject was identified when EI data were
compared with REE £ AF. We decided to use a mean
activity factor (1.55) instead of the data from the activity
record, because this approach avoided the confoundingT
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Table 2 Energy intake and energy expenditure data for women and men
Women ðn ¼ 55Þ Men ðn ¼ 28Þ
All women ðn ¼ 55Þ
‘Normal
reporters’
ðn ¼ 28Þ
‘Underreporters’
(20% and more)
ðn ¼ 27Þ All men ðn ¼ 28Þ
‘Normal
reporters’
ðn ¼ 24Þ
‘Underreporters’
(20% and more)
ðn ¼ 4Þ
Energy intake (kJ/24 h)
EI 8277 ^ 2060 9374 ^ 1725 6502 ^ 1080a 12 615 ^ 2257* 13 046 ^ 2077 10 053 ^ 1599b
Macronutrient intake (% of energy intake)
Carbohydrates 47.7 ^ 6.6 47.9 ^ 6.3 47.4 ^ 7.3 45.6 ^ 7.7 45.5 ^ 7.9 46.0 ^ 7.4
Fat 34.6 ^ 6.1 34.6 ^ 5.6 34.7 ^ 7.0 35.7 ^ 5.6 36.3 ^ 5.7 32.8 ^ 4.5
Protein 14.4 ^ 2.6 14.1 ^ 2.5 14.8 ^ 2.8 14.9 ^ 2.4 14.9 ^ 2.2 15.3 ^ 3.7
Alcohol 4 ^ 3.6 4.0 ^ 3.8 4.0 ^ 3.5 4.5 ^ 3.5 4.2 ^ 3.4 6.1 ^ 4.5
Energy expenditure (kJ/24 h)
REE† 5807 ^ 565 5774 ^ 586 5862 ^ 536 7603 ^ 799* 7528 ^ 804 8060 ^ 699
Physical activity‡ 5736 ^ 1118 5585 ^ 1160 5979 ^ 1030 3894 ^ 1842 3994 ^ 1842 3282 ^ 1968
TEE§, Standard 1 (REE þ physical activity) 11 539 ^ 1081 11 357 ^ 1115 11 835 ^ 977 11 342 ^ 1747 11 517 ^ 1816 10 292 ^ 672
TEE{, Standard 2 ðREE £ 1:55Þ 9412 ^ 3546 9240 ^ 1457 9688 ^ 1361 13 013 ^ 2499* 12 991 ^ 2604 13 138 ^ 2056
RQk 0.83 ^ 0.04 0.84 ^ 0.04 0.83 ^ 0.04 0.83 ^ 0.05 0.83 ^ 0.05 0.81 ^ 0.07
Deviation of energy intake and energy expenditure (kJ/24 h)
EI 2 TEE, Method 1 (REE þ physical activity) 23263 ^ 2257 21984 ^ 1771 25334 ^ 1141a 1272 ^ 2211* 1524 ^ 2251 2242 ^ 1248b
% 227.8 ^ 18.9 217.1 ^ 15.2 244.9 ^ 9.1a 12.1 ^ 17.8* 14.6 ^ 17.6 22.6 ^ 12.0b
EI 2 TEE, Method 2 ðREE £ 1:55Þ 21135 ^ 2089 134 ^ 1394 23186 ^ 1189a 2398 ^ 2010* 54 ^ 1796 23086 ^ 612b
% 211.2 ^ 21.8 2.0 ^ 15.6 232.5 ^ 10.6a 23.1 ^ 15.4* 0.4 ^ 13.5 223.4 ^ 2.8b
† REE – resting energy expenditure.
‡ Activity protocol.
§ Physical activity as calculated from physical activity record 2REEestimated þ REEmeasured.
{REE £ 1:55:
kRQ – respiratory quotient.
* Significant differences between women and men ðP , 0:05Þ:
a Significant differences between normal and underreporting women ðP , 0:05Þ:
b Significant differences between normal and underreporting men ðP , 0:05Þ:
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influence of overreporting and allowed the identification
of severe underreporting.
Comparing EI and TEE (Standard 1) in the whole study
population, no association between the two was found
(Fig. 1). However, there was a close association between
self-reported energy intake and energy expenditure as
calculated according to Standard 2 ðTEE ¼ REE £ 1:55Þ
ðr ¼ 0:72Þ (Fig. 2). Comparing self-reported energy intake
and TEE in women and men separately, a stronger
association was observed for men ðr ¼ 0:65Þ than for
women ðr ¼ 0:32Þ:
Looking at the deviation of EI and Standard 1, on the
one hand, and that of EI and Standard 2 on the other, both
standards seem to yield a similar result (Fig. 3). But a
Bland–Altman plot sheds light on the fact that Standard 1
overestimates TEE and thus the degree of underreporting
(Fig. 4).
With respect to the deviation of self-reported energy
intake and TEE (Standard 2), there was a wide variation in
the data (Fig. 5, Table 2). In the whole study population,
the prevalence of severe underreporting is 37% but sex
differences were observed, i.e. 14.3% of men and 49% of
women (Fig. 5). We found seven overreporting subjects
(as defined EI 2 TEE . 20%) in the sample. They did not
differ significantly in any of the parameters measured and
were thus enclosed in the ‘normal reporting’ group. For
details of the overreporting population see Table 1.
With respect to eating behaviour, all subjects reached on
Fig. 1 Correlation between self-reported energy intake (EI, 7dDR)
and energy expenditure (TEE: REE £ PA), Standard 1 ðn ¼ 83Þ:
EI – energy intake; 7dDR – 7-day dietary record; TEE – 24-hour
energy expenditure; REE – resting energy expenditure; PA –
physical activity according the physical activity protocol
Fig. 2 Correlation between self-reported energy intake (EI, 7dDR)
and energy expenditure (TEE: REE £ 1.55), Standard 2 ðn ¼ 83Þ:
EI – energy intake; 7dDR – 7-day dietary record; TEE – 24-hour
energy expenditure; REE – resting energy expenditure
Fig. 3 Correlation between the deviation (Dev.) of EI and TEE
(TEE £ PA), Standard 1, and the deviation of EI and TEE
(REE £ 1.55), Standard 2 ðn ¼ 83Þ: EI – energy intake; 7dDR –
7-day dietary record; TEE – 24-hour energy expenditure; REE –
resting energy expenditure; PA – physical activity according the
physical activity protocol
Table 3 Energy expenditure and energy intake in the subgroup
for which doubly labelled water measurements were taken
Mean (SD) Range
REEm (kJ/24 h) 5757 (^296) 5393 to 6284
TEE(DLW), Standard 3 (kJ/24 h) 10 396 (^2275) 7126 to 12 950
TEE(PA), Standard 2 (kJ/24 h) 11 798 (^493) 10 928 to 12 284
TEE(AF), Standard 1 (kJ/24 h) 8922 (^458) 8359 to 9741
TEE(DLW)/REEm 1.80 (^0.35) 1.27 to 2.18
EI (kJ/24 h) 8587 (^1331) 7126 to 10 886
TEE(DLW) 2 EI, Method 3 (kJ/24 h) 2546 (^2754) 21424 to 5568
TEE(PA) 2 EI, Method 2 (kJ/24 h) 4639 (^2109) 1503 to 7009
TEE(AF) 2 EI, Method 1 (kJ/24 h) 335 (^1371) 21813 to 2321
REEm – measured resting energy expenditure.
TEE(DLW) – total energy expenditure according to doubly labelled water
measurements.
TEE(PA) – total energy expenditure according to physical activity protocol.
TEE(AF) – total energy expenditure according to REE £ 1:55:
EI – energy intake as assessed by the 7-day dietary record.
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average 6.4 points on the restraint scale and 5.3 points on
the disinhibition scale (women: restraint 6.5, disinhibition
5.2; men: restraint 6.4, disinhibition 5.6).
More pronounced underreporting was observed the
higher the subject’s cognitive restraint ðr ¼ 20:32;
P , 0:05Þ: This tendency was consistent for men and
women, although it did not reach significance in the sub-
samples due to the smaller sample size. In addition, in
men, but not in women, underreporting was stronger the
more disinhibition was reported. This is shown by a
significant correlation between the deviation of self-
reported energy intake and calculated energy expenditure
on the one hand and three-factor eating questionnaire
variables on the other (see Table 2 and Figs. 6 and 7).
Stepwise regression analyses with all other variables did
not show a different result, as only the two reported
predictors (restraint in total study population, disinhibition
in men) increased the multiple correlation significantly
(Table 4).
Discussion
The main result of this study is that substantial under-
reporting occurred in 37% of non-obese, weight-stable
subjects. Psychological aspects of eating behaviour were
associated with underreporting and may have had an
influence. A high cognitive restraint in men and women
and a high level of disinhibition in men were associated
with severe underreporting. Underreporting was stronger
the higher the score on the restraint scale (Table 4). This
means that the more the subjects decreased their food
Fig. 4 Bland–Altman plot for the two different deviations (Dev.) of
energy intake and energy expenditure. Method 1: EI (7dDR) 2
TEE (REE £ PA); Method 2: EI (7dDR) 2 TEE (REE £ 1.55). EI –
energy intake; 7dDR – 7-day dietary record; TEE – 24-hour
energy expenditure; REE – resting energy expenditure; PA –
physical activity according the physical activity protocol
Fig. 5 Deviation of self-reported energy intake and energy expen-
diture as estimated from Standard 2. EI – energy intake; TEE –
24-hour energy expenditure
Fig. 6 Relationship between the deviation of energy intake (EI)
and 24-hour energy expenditure (TEE) and cognitive restraint for
men and women (three-factor eating questionnaire was adminis-
tered to 50 subjects)
Fig. 7 Relationship between the deviation of energy intake (EI)
and 24-hour energy expenditure (TEE) and disinhibition for men
and women (three-factor eating questionnaire was administered
to 50 subjects)
I Asbeck et al.688
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intake (presumably in order to lose weight or not put on
any weight), the higher was their degree of under-
reporting. Although the prevalence of underreporting
showed sex differences (14.3% in men, 49% in women),
this tendency was consistently seen in men and women.
There are two possible explanations for this phenom-
enon. First, increased self-observation when writing a
dietary record increases the subject’s self-control. Dietary
intake is being decreased and this decrease might be
stronger in persons with high restraint. Second, it is also
possible that subjects with a high restraint have the self-
image of being very capable of controlling and decreasing
their dietary intake. Our results are in line with results from
a previous study by Poppitt et al.12, who showed a higher
cognitive restraint to be predictive of a higher degree of
underreporting when studying energy intake and energy
expenditure in obese and non-obese women. Such an
association has also been shown by de Castro et al.17: their
study showed that comparable restraint levels result in
similar energy intakes. However, these authors did not use
a standard for energy intake. Bingham et al.18 validated a
weighed dietary record using the 24-hour urine nitrogen
technique and other biological markers in 160 women.
They divided their study population into quintiles of the
urinary nitrogen/dietary nitrogen ratio and found that
individuals in the top quintile of the distribution were
more restrained than other individuals. These data also
suggest an association between underreporting and
cognitive restraint. In our study an additional explanation
for underreporting was seen in men. There was a higher
degree of underreporting the more the men reported on
disinhibition within the three-factor eating questionnaire.
It is possible that this higher disinhibition leads to
uncontrolled eating that is not recorded. This finding is
contrary to those of Bingham et al., who did not find an
association between the disinhibition score and under-
reporting in their study18.
The use of a standard in interpreting self-reported
energy intake data is basic in the definition of
‘underreporting’. The doubly labelled water method has
been used for the measurement of TEE in free-living
subjects and it can serve as a reference for EI under
weight-stable conditions7. As it is a rather expensive and
time-consuming method, its use is limited to small
numbers of subjects30. In field studies, where large
samples are being measured, other standards have to be
used. It is evident that most studies on the effect of eating
behaviour on self-reported energy intake have not used an
appropriate standard12,17,20. In our study, REE was
measured in all subjects and an activity protocol or an
activity factor was used to calculate TEE. In addition, TEE
as derived from doubly labelled water was measured and
compared with calculated TEE in a subgroup of subjects
(see Methods, Table 3). However, in this subgroup
calculated data of TEE showed only a poor agreement
with the DLW data (Table 3). Faced with these results and
taking into account a possible overestimation of physical
activity in an activity protocol as a confounding factor3, we
decided to use a constant activity factor of 1.55. Looking at
the sub-sample of seven subjects, the use of different
standards leads to different magnitudes of underreporting.
Using REE £ 1.55 as the standard, underreporting in 11.2%
of women and 3.1% of men was seen. Using doubly
labelled water as the standard, on average 19.3% of energy
intakes were underreported. The activity record brought
up even higher degrees of underreporting (on average
27.8% in women). The latter number may be explained by
an overestimation of physical activity. Using different
standards also affects the prevalence of underreporting
(results). It should be mentioned that with respect to DLW
measurements there might also be methodological
problems (e.g. use of the Zn-reduction method as we
did here often results in high D/O ratios). Alternatively,
urinary nitrogen excretion was used as a validation
criterion to show underreporting18. However, nitrogen
excretion can serve as a reference standard for protein
intake but not for energy intake. It is obvious that using
estimates or measures of TEE as a reference for EI under
weight-stable conditions may introduce further problems
with respect to the magnitude and also the estimation of
the prevalence of underreporting. This problem cannot be
answered on the basis of the present data. In practice, the
use of REE £ 1.55 (Standard 2) allows the identification of
severe underreporting and shows an association with EI
(Fig. 2). Standard 1 may overestimate underreporting
because of an overestimation of physical activity in some
subjects. In addition, Standard 1 did not show an
association with EI (Fig. 1).
In conclusion, psychological aspects of eating behav-
iour should always be assessed together with dietary
intake measurements. Restraint in all subjects and
disinhibition in men are possible predictors for severe
underreporting. For field studies, an appropriate standard
for the assessment of energy intake remains to be
established.
Table 4 Product moment correlation between (7dDR 2 TEE) and
variables of eating behaviour
7dDR 2 TEE
Women Restraint 20.33
Disinhibition 0.11
BMI 20.26
Men Restraint 20.32
Disinhibition 20.53*
BMI 20.26
Total study population Restraint 20.32*
Disinhibition 20.12
BMI 20.16
7dDR – 7day-dietary record.
TEE – total energy expenditure as assessed by REE (resting energy
expenditure) £ 1.55.
BMI – body mass index.
* P , 0:05:
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